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The present invention concerns a method and a device for the automatic reading 
and recording of resuhs from many virological, bacteriological and hematological 
reactions. 

One can also use the device as a spectrophotometer, for example, to measure and 
record the resuhs of colored chemical reactions. 

When one is investigating the causes of death or when one is determining the 
concentrations of various substances in the body, it is often necessary to make a study of 
many reactions in the laboratory, ha this study, one will handle hundreds, even thousands 
of test tubes, in which dilution series or colored chemical reactions have been performed. 

In virology, it is possible to establish a diagnosis by isolating the virus itself or 
portions thereof, and by examining them in an electron microscope. It is also often 
possible to make a diagnosis by showing an elevated titer of the virus counting agent in 
the blood or by showing the presence of antibodies to the virus in the cells. 

When one is looking for the causes of death by means of virological methods, 
starting with samples from the victim, the dilution of the samples, or titration, plays an 
important role in many methods. One often makes use in research methods of reactions 
whose results can be read directly from dilution series. Reactions of this type are red 
blood cell clotting, the fixing of complement, and the inhibition of red blood cell clotting. 

It often happens that each sample needs to be diluted several times thereafter and 
it is often necessary to perform control titrations in order to improve the reliability of the 
results. In this case, one handles thousands of test tubes and one reads the results directly. 
In present-day methods, the recording of results is essentially done by hand. This type of 
reading and recording of results is obviously slow and many possibilities for mistakes 
exist. 

In bacteriology, one makes a diagnosis in a way which, from many standpoints, is 
similar to that used in virology. 

In many methods of bacteriological research, one uses series of dilutions and one 
reads the results directly. The most common of these methods are the determining of the 
antistreptolysin (AST) titer of streptococcus, based on a hemolysis reaction, and the 
staphylococcus titration (ASTA). In Widal's serum test, one uses a reaction based on the 
agglutination of bacteria to determine the type of salmonella or typhus present in the 
sample. 

When one is determining blood groups in hematology, one often handles a large 
number of test tubes, especially when several samples have been taken, and one reads the 
results directly. 

In the laboratory, many measurements are taken each day, performed by means of 
a spectrophotometer. Few devices of this type available on the market work 
automatically, and the measurement and recording of the resuhs are generally done by 
hand. In some devices, it is possible to automatically measure and record the results 
fiamished by a number of samples which can be between one and a hundred. In these 
spectrophotometers, one makes Ught pass perpendicular to the walls of a test tube, and 
therefore the light cannot reach, for example, a precipitation on the bottom of the test 
tube. 

In a device according to the present invention, the light passes parallel to the 
longitudinal axis of a test tube through a colunm of Uquid located in the test tube and 
through the bottom of this test tube holding the column, or in the opposite direction. If the 
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volume of liquid located in the test tube is then changed, the distance which the light 
travels through the liquid is modified at the same time, so that the permeability to light or 
the transmission factor of the liquid column is modified. When light moves parallel to the 
longitudinal axis of the test tube, the precipitations or the turbidities of the results of the 
serological, bacteriological or hematological reaction can be measured in the lower part 
, of the test tube, based on a change in the Hght intensity. Because these precipitations or 
turbidities occur in the lower part of the test tube, they cannot be measured by means of 
the currently available spectrophotometers. In the hemolysis reactions, for example, the 
hemolysis produces a clarification of the entire reaction mixture, which in turn leads to an 
increase in the liquid's Hght transmission factor. One can also determine, in this case, a 
degree of hemolysis or a result point based on a change in the light intensity. 

A method according to the invention is essentially characterized in that, in a 
measuring device, one makes light pass in parallel to the longitudinal axis of a test tube, 
fi-om a light source located at one end of the test tube to a detector located at the other 
end of this test tube, through a stationary column of Uquid being measured in the test tube 
or in each test tube of a row or a group of test tubes, which are stationary during the 
measurement, and through the bottom of the test tube containing the column of Uquid, so 
that when the light moves along the longitudinal axis of the test tube one, can read the 
results of serological, bacteriological, hematological or colored reactions based on a 
particular change in the hght intensity, caused by precipitations and turbidities located at 
the bottom of the stationary test tube or tubes, by precipitations or turbidities not yet 
decanted and located in the column of Uquid, or by a color change for the liquid located 
in the test tube or tubes. 

A device according to the invention is essentially characterized by assemblies of 
test tubes which can be placed in a support, the spacing between the test tubes, stationary 
or mounted in immovable fashion, being the same as the spacing of the corresponding 
detectors and light sources in the measuring device, and in that the measurement opening 
of each test tube is preferably surrounded by a rim or an outer protection collar. 

In the only test tubes existing on the market and in which the measurement is 
taken horizontally through the walls of the test tube, these walls are easily scratched and 
soiled when one touches them with the fingers, so that large errors can occur in the 
measurements. Furthermore, in the currently available devices in which the light passes 
horizontally, insufficient attention has been given to the placement of the test tubes and 
this fact has often been completely overlooked. 

In the laboratory, the preparation of reaction mixtures and their measurement in a 
photometer take place on a daily basis. By starting with a reaction mixture that has been 
prepared by transferring, into a test tube, with the help of a pipette, a sample and one or 
more reagents, one can measure in a photometer, for example, the concentration of a 
certain substance or the kinetics of an enzyme. In these measurements, errors can occur in 
the final results, due to flaws in the devices used or in the operating procedure. Ernest 
MACLIN et al. (Clinical Chemistry 19/8, 832-837, 1973) have shown that, in the kinefic 
measurement of an enzyme, the final result may show an error of around H-/-40% as a 
worst case. This error is due to the devices used, the imprecision for the length of the 
light path in the test tube, the temperature, the use of a pipette to transport the sample and 
the reagent, the time, and the optical and electronic elements of the photometer. 
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There is a trend at present, when preparing reaction mixtures, to use the smallest 
possible volumes of samples and of reagents. What are known as micro-methods are thus 
conceivable. It is possible, in this way, to economize on reagents and to perform several 
tests from a single sample, which can often be very difficult to obtain. 

When one uses a micro-method, the volumes transferred by means of a pipette are 
small, so that the relative error may be large, which leads to obtaining an erroneous final 
result. In a similar manner, in photometric measurements in which one prepares the 
reaction mixtures by using micro-methods, the error rate in the final measurement result 
is increased. 

The present invention shall now be described in detail, making reference to the 
attached drawings, in which: 

Figures 1 and 2 show schematically embodiments of a measurement device 
according to the invention, 

Figures 3 a and 3b show two examples of record cards used at the output section, 
on which it is possible to note down the results pertaining to each patient, obtained by 
means of the measuring device, 

Figure 4 is a side view of a set of test tubes, placed in a support, in the measuring 
position, 

Figure 5 is a plan view of a set of test tubes placed in a test tube rack. 

Figure 6 is a side view of a set of test tubes. 

Figure 7 is a side view of a cover for a set of test tubes. 

Figure 8. is a plan view for a set of test tubes. 

Figure 9 is a cross sectional view of a test tube. 

Figure 10 shows a set of test tubes in the measuring position. 

Figure 1 1 is a sectional view of a block of reagents, 

Figure 12 is a sectional view of a set of test tubes and of the tips of a multiple 
pipette, used with the set of test tubes, 

Figure 13 shows the set of test tubes and the tips of a multiple pipette from Fig. 12 
at a time when the liquid compartments of the multiple pipette are filled, 

Figure 14 is a plan view of the block of reagents. 

Figure 1 5 is a sectional view of a set of test tubes placed in a photometer and 
provided with a cover according to the invention. 

The titration or other reactions are carried out in the test tubes, which are arranged 
in a rack, symmetrically, in several rows with a particular spacing. This rack is designed 
to be adapted to the measurement device. In the embodiment shown in Fig. 1, light 
sources 2 (LI, L2, L3) and detectors 3 (Dl, D2, D3) are mounted on a framework 1 with 
spacings corresponding to those of the test tubes CI, C2, C3. The measurement device 
may, for example, comprise a number of light sources 2 and detectors 3 equal to the 
number of rows of test tubes. In this case, the frame 1 is arranged to move automatically 
from one test tube to another in the rows of test tubes; the test tube rack can also be 
movable, while the frame 1 is fixed. The device can also contain one light source and 
corresponding detector for each test tube, so that it has no mechanically movable 
elements. 

When the Ught passes, for example, from the light source LI through the test tube 
CI, parallel to the longitudinal axis of this test tube, the light first encounters the surface 
of the liquid, then passes through the liquid column and the bottom of the test tube to 
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arrive at the detector Dl corresponding to the test tube CI. The measurement device 4 
registers a certain change in the Hght intensity. This device measures in this way each test 
tube in the row of test tubes. A particular change in the hght intensity occurring in one of 
the test tubes of the row, characteristic of each reaction and due to a precipitation in the 
lower part of the test tube, to a turbidity, or to a variation in the hght transmission factor 
of the liquid in the test tube, indicates for example the sought point for a change in a 
series of dilutions; using the recorded results, it is possible to find the particular test tube 
in the row of test tubes. 

At the output section 5, it is possible to use a logic circuit or a computer which 
determines the results in the desired form, or also means for receiving the results, storing 
them in memory, and storing the program. For each titration, tests are done to determine 
its own specific change in the light intensity and this determines a result point. At the 
output, it is possible to use a record card, as shown in Fig. 3 a. The card bears the name 6 
of the reaction and a code 7 corresponding to the change in light intensity corresponding 
to this reaction. Another possibility is to use adjustment elements at the output section, 
which are placed in positions corresponding to the typical light intensity and to a 
characteristic change for each reaction. The output section then records the name of the 
reaction and the results on a record card such as is shown in Fig. 3b. 

One can use the measurement device as a spectrophotometer if it registers the 
quantity of light going firom each light source to the corresponding detector, and if the 
output section registers the absorbing capacity and/or the transmission factor of the liquid 
inside each test tube. 

Figure 2 shows schematically another embodiment of a measurement device 
which uses a single Ught source 8. The light is conducted by means of optical fibers 9 
through a test tube 10, firom which it passes into other optical fibers 11. These fibers 
bring it to the periphery of a circle. The fibers arriving at the periphery of this circle are 
read by means of a reading head 12, and optical fibers 13 transmit the light to a detector 
14. 

The set of test tubes constitutes an essential part of the device according to the 
present invention. Several test tubes 18, in the present case nine, are arranged with a 
particular spacing in a support plate 17 of a set of test tubes 16. These test tubes are used 
when measuring, by the vertical measuring technique, the absorbing capacity of the liquid 
located in the test tube 18 or the change in light intensity caused by a precipitation in the 
lower part of the test tube 18 or to the turbidity of the hquid. When one uses the 
technique of vertical measurement, the light passes through the lower part of the test tube 
18 and the light intensity is recorded by means of a detector 19, placed above the test 
tube. 

When the set of test tubes 16 is put into storage or shaken, one can simultaneously 
close all of the test tubes 18 of this set by means of a cover plate 20. The test tubes 18 of 
the set 16 are designed so that the vertical measurement technique can be applied to them. 

The measurement opening 21 of each test tube 18 of the set 16 is surrounded by a 
cylindrical portion or rim 22, provided on the outside of this test tube and protecting the 
measurement opening 21 firom dust or scratches, so that the measurement openings 21 of 
the test tubes 18 of the set 16 remain optically perfect. 

If the irmer surface of the bottom of the test tube is concave, the substances which 
precipitate inside the test tube will deposit and form a regular slug at the center of this 
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bottom. When the inner surface of the bottom of the test tube is concave and its outer 
surface is planar, this bottom constitutes a planoconcave lens which affects the passage of 
the Hght. In this case, it is easy to fabricate the test tubes so that they have similar optical 
properties. When one uses the device as a spectrophotometer, the inner surface of the 
bottom of the test tube and its outer surface can both be planar so that there is no lens 
effect influencing the passage of light. 

When the bottom 21 of each test tube 1 8 of the set 16 is planar, this bottom is 
easy to fabricate and no optical error will result; there is no lens effect influencing the 
passage of the light. However, the bottom of each test tube of the set 16 and/or its cover 
can, of course, be planar, concave or convex, in order to obtain a suitable lens effect 
depending on the desired purpose. 

Preferably, the lower part 23 of each test tube 1 8 of the set 1 6 is conical, so that it 
is easy to put the test tubes of the set in place (see Fig. 10) and the particles precipitated 
in the liquid layers located in the upper part of the test tube are deposited on the lower 
part of the cone 23, forming a suitable slug. In this way, it is easy to measure the 
sediments or precipitations on a small surface. 

The vertical inner wall of the test tube 18 can be provided with one or more 
projections 24, parallel to the longitudinal axis of the test tube, which improves the 
mixing of the liquid in the test tube 18 when it is displaced. When one agitates cylindrical 
test tubes in an eccentric mixer, the liquid columns adopt a rotary motion, such that they 
rise along the walls of the test tube. In this way, the different columns of Uquid are not 
appropriately mixed. But, if the lateral walls of the test tube are provided with projections 
24, as described above, these projections produce turbulence in the rotating liquid column 
so that the different liquid layers are effectively mixed even with a slight force. 

The fact that the set of test tubes 16 can be placed in the rack 1 5 in a unique 
position is equally important. The rack 15 is provided with a projection 25 that mates 
with a slot or opening 26, provided in the support plate 17, of the set of test tubes 16. This 
support plate 17 is likewise provided with a code 27, making it possible to identify the 
particular test tube, by means of the device or directly; each sample located in the test 
tubes 18 of the element 16 is at the same time identified. This presents the advantage that 
one can use a single code 27 to identify nine separate samples and it is not necessary to 
assign a code to each sample. 

If the sets 16 can be placed in a unique position in the rack 15 when one does the 
measurement of the test tubes 18 of the sets 16 in the measurement device, one can use 
the first set of test tubes 1 6 located in the measurement device to zero-set the nine 
channels of the measurement device, and the corresponding test tubes of the following 
sets will be measured with the same channels. This presents the advantage that, if minor 
optical flaws occur in the measurement openings 21 of the test tubes during the 
fabrication of the sets 16, and these flaws are repeated in each set, they will be eliminated 
during the zero-reset phase and the following phase. 

The rack 15 for the set of test tubes is designed so that one can place one or more 
sets 16 there and it can be pushed across the measuring head of the measurement device 
(see Fig. 4). 

One can use the rack 15 for the storage and the moving of the samples, for placing 
liquids into or removing them from the set of test tubes, for incubation and measurement 
reactions, etc. 
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The rack 15 can also be thermally regulated so that the test tubes 18 of the sets 16 
and the Hquid located inside these test tubes have the desired temperature. 

When a set of test tubes 16 is located in the measurement position in the rack 15 
at the measuring end of the measurement device, each test tube is protected against 
outside light; furthermore, this rack protects each test tube from light. 

When the set 16 located in the rack 15, at the measuring end of the measurement 
device, reaches the measuring point, a Hght beam passes through the opening 28, which 
has been devised in the rack 15; as it passes between points 29 and 29', this beam sends a 
pulse to the positioning section 30 by means of a detector 29' or a photodiode. 

The section 30 places each test tube 18 of the set 16 in simultaneous alignment 
with the optical fibers and the detectors 19 corresponding to the test tubes 18. When the 
section 30 has reached its upper position, the lower conical part 23 of each test tube 18 of 
the set 16 is situated in the conical section of the positioning device; furthermore, the set 
16 is Ufted at the measuring end, so that the upper part of the set 16 rests against the 
frame of the detection head of the measuring end. The measurement is made in this 
position. Thus, the test tubes 18 of the set 16 are positioned in a very precise way. 

After a certain time, the section 30 of the measuring end descends and releases the 
set of test tubes 16 into its resting position in the rack 15, so that this rack can be pushed 
at the measuring end, mechanically or manually. When the next set 16 of test tubes 
comes up into the measuring position, the section 30 of the measuring end puts the next 
set of test tubes into the measuring position and locks it in this position. 

A block of reagents 33 (Fig. 1 1) and a set of test tubes 32 (Fig. 12 and 13) are 
devices of various shape, containing for example nine assay or test tubes, where one can 
simultaneously introduce or remove nine separate samples by means of a multiple pipette 
with nine conduits. The reagents can be kept in the block 33 or the test tubes 32 either as 
dry substances or in solution form. The reaction solutions are obtained from dry 
substance by adding a suitable Hquid to the block of reagents 33 or to the set of test tubes 
32. It is possible to store in the block 33 or in the sets 32 certain proportions ready for use 
of the same reagent or of different reagents. 

All the tubes 33a of the reagent block 33 or all the test tubes 32a of the set of test 
tubes 32 can be simultaneously closed by the cover 31 of the block 33 or of the set of test 
tubes 32. This cover 31 prevents the liquids from evaporating and the substances located 
in the tubes 33a or the test tubes 32a from becoming contaminated. One can likewise use 
the cover 3 1 to close each test tube 32a of the set 32 so that the bottom 3 lb of each of the 
stoppers 31a of the cover 31 is immersed beneath the free surface 34 of the liquid in the 
test tube 32a of the set 32 corresponding to the stopper 31a, at the point where the Hght 
leaves the liquid and arrives at the detector 30. The cover 3 1 of the set of test tubes 32 is 
formed by a single plate having stoppers 31a extending dovraward from holes in the 
plate, the bottoms of these stoppers being closed by a lower transparent plate 31b. The 
stoppers 3 la of the cover 3 1 of the set 32 are configured so that, when the cover 3 1 is put 
in place on the set of test tubes 32, an air space is left free between the outer vertical or 
slanting walls of the stoppers 3 la of the cover 3 1 and the inner walls of the upper parts of 
the corresponding test tubes 32a of the set of test tubes 32. 

When the absorbing capacity of the liquid located in the test tube 32a of the set 32 
is now measured by means of a photometer operating by the vertical measuring technique 
of the invention, light moves through the liquid contained in the test tube 32a for a 
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distance h, comprised between the bottom 36 of the test tube 32a and the bottom 31b of 
the stopper 3 1 a of the cover 3 1 . One can regulate this distance h by making covers 3 1 of 
various shapes so that the length of the stopper 31a of the cover 31 varies, or by making 
sets of test tubes 32 of different heights. Furthermore, the side walls of the stoppers 31a 
of the cover 31 can be opaque, so that the light can only pass through the transparent 
bottom 31b of the stopper 31a of the cover 31 of the set 32. 

Thanks to the design of the device according to the invention, errors resulting 
from the height of the liquid column, for example, when using the pipette, or because of 
Uquid spatter forming droplets 35 on the inner walls of the set 32, will not result in errors 
in the length of the light path. 

If the surface of the liquid column in the test tube of the set is curved or obhque, 
this may produce a measurement error in a photometer operating by the vertical 
measurement technique. When the set 32 is closed by the cover 31, the bottom 36 of each 
test tube 32a and the corresponding bottom 31b of the stopper 31a of the cover 31 of the 
set 32 are parallel. Hence, the light will pass perpendicularly through parallel planes and 
through a liquid column located between these planes, so that the aforesaid errors are 
eliminated from the measurement results. 

Bubbles 37 sometimes form in the free surface of the liquid upon shaking or when 
using the pipette. These bubbles can disturb a photometry measurement when the 
apparatus is working according to the vertical measurement technique, with the light 
passing through the bottom 36 of the test tube 32a of the set 32, then the hquid colunm, 
and finally the free surface of the liquid and the air, to arrive at the detector 40. When the 
set of test tubes 32 is closed by the cover 31, the bottom 31b of each stopper 31a of the 
cover 31 is immersed in the test tube 32a corresponding to the stopper 31a of the cover 
31 and is situated just below the free surface 34 of the liquid. Thus, any bubbles 37 
existing at the surface of the liquid are moved toward the free liquid surface between the 
inner wall of the test tube 32a of the set 32 and the outer wall of the stopper 31a of the 
cover 31 of this set 32. 

One can also remedy the aforesaid drawbacks, if necessary, by inraiersing a 
protected tip of the detector 40 a short distance beneath the free surface 34 of the liquid in 
each of the test tubes 32a of the set 32 instead of immersing the cover of the set 32. 

According to Beer's law, the absorbing capacity of the liquid is an increasing 
linear ftinction of the length of the hght path in the test tube. When a measurement is 
performed in the set 32 without using the cover 31, by means of a photometer operating 
by the vertical measurement technique, the lengths of the light paths in the test tubes 32a 
of the set 32 are equal to the heights of the liquid columns in the test tubes 32a, and these 
heights are, in turn, increasing linear fiinctions of the volumes of liquid placed in the test 
tubes by the pipette. If, now, too little a volume of reagent has been introduced by means 
of the pipette, the light path in the test tube is shortened, but the absorbing capacity per 
unit of length of the hght path is increased, assuming that the volume of the sample has 
been correctly measured. If, on the other hand, too large a volume of reagent has been 
placed in the test tubes, the absorbing capacity per unit of length of the light path is 
diminished. Thus, in a photometer working by the vertical measurement technique, if a 
measurement is performed without using the cover 31 of the set 32, which makes 
constant the length of the light path in the test tubes 32a of the set 32, as described above, 
a possible error in the quantity of agents or active agents introduced by means of the 
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pipette will not cause error in the absorbing capacity of the reaction mixture. An error in 
this absorbing capacity will only occur if there is an error in the introduction of the 
sample by means of the pipette. 

In a multiple-channel photometer, operating by the vertical measurement 
technique, the detector 40 is situated in the immediate vicinity of the preamplifier 41 of 
the measuring end of the photometer, or right on it. Thus, the disruptive signals resulting 
from the presence of long conductors going from the detector 40 to the preamplifier are 
eliminated. 

In the measuring end of the photometer, the device 42 used to position the set of 
test tubes hfts the set 32 and brings it toward the plane surface 43 of the measuring end. 
At the end of the ascending motion, this plane surface tightly applies the cover 3 1 against 
the set 32. This cover 31 is thus rehably placed in the correct position and the length of 
the light path is the same in each test tube 32a of the set 32. 

One can use light of the same wavelength or light of different wavelengths in the 
optical fibers 44 leading to the measuring end. In this way, it is possible to measure the 
test tubes 32a of a single set 32 by means of Ught of the same wavelength or of different 
wavelengths. 

Of course, the invention should be considered as not being limited to the 
embodiment as described and represented, but rather it covers all variants thereof 
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CLAIMS 

1. Method for the automatic reading and recording of results from virological, 
bacteriological and hematological reactions, or for spectrophotometric measurement and 
recording of the results of colored chemical reactions, based on a change in the light 
intensity caused by a change in the Hght permeability, 

characterized in that, in a measuring device, one makes light pass in parallel to the 
longitudinal axis of a test tube, from a light source located at one end of the test tube to a 
detector located at the other end of this test tube, through a stationary column of hquid 
being measured in the stationary test tube or in each test tube of a row of a group of 
stationary test tubes, and through the bottom of the test tube containing the column of 
liquid, so that when the light moves along the longitudinal axis of the test tube one can 
read the results of serological, bacteriological, hematological or colored reactions based 
on a change in the light intensity, caused for example by precipitations or turbidities at 
the bottom of the stationary test tube or tubes, or not yet decanted and located in the 
column of liquid, or by a color change for the liquid located in the test tube or tubes. 

2. Method according to claim 1, characterized in that a light source is provided for each 
test tube or a common light source is provided for all the test tubes, and preferably a 
detector is provided for each test tube. 

3. Method according to claim I, characterized in that, in a measuring device, light sources 
and detectors each corresponding to a light source are arranged in a row in a framework, 
and the framework can move from one row of test tubes to another, or a test tube rack can 
move while the framework remains stationary, so that the test tubes are measured one 
row at a time. 

4. Method according to claim 1, characterized in that, for the measurement, each test tube 
of a set of test tubes is closed by a cover such that the bottom of each stopper of the cover 
is immersed below the free surface of the liquid in the test tube corresponding to the 
stopper, or a protected tip of a detector is immersed beneath the free surface of the liquid 
in each test tube of the set of test tubes, at the place where the light passes from the hquid 
to the detector. 

5. Device for implementing the method per claim 1, characterized by sets of test tubes 
which. can be placed in a test tube rack, the spacing between the stationary or immovable 
test tubes of the set of test tubes being the same as the spacing of the detectors and the 
corresponding light sources in the measurement device, and the measurement opening of 
each test tube is preferably surrounded by a rim or an outer protection collar. 

6. Device per claim 5, characterized in that the test tubes of a set can be simultaneously 
closed by means of a cover in which the spacing of the stoppers corresponds to the 
spacing of the test tubes of the set of test tubes. 

7. Device per claim 5 or 6, characterized in that the lower part of each test tube of the set 
of test tubes has a tapered shape so as to facilitate the positioning of the test tubes. 



11 



2 250 991 



8. Device according to any of claims 5 to 7, characterized in that the inner wall of each 
test tube is provided with one or more projections, parallel to the longitudinal axis of the 
test tube. 

9. Device per claim 5, characterized in that the inner wall and/or the outer wall of the 
bottom and/or of the cover of each test tube of the set of test tubes is planar, concave or 
convex. 

10. Device per claim 5, characterized in that the inner wall of the bottom of the test tube 
or of each test tube of a group of test tubes used in the device is concave, while the outer 
wall of this bottom is plane. 

1 1 . Device per claim 5, characterized in that the inner wall and the outer wall of the 
bottom of each test tube of the set of test tubes are both plane. 

12. Device per claim 5, characterized in that the rack for the set of test tubes is provided 
with a projection that matches up with a slot or opening, provided in one support plate for 
the set of test tubes, so that this set can be placed in the rack in a unique position. 

13. Device per claim 5, characterized in that the support plate of the set of test tubes is 
provided with a code allowing the set to be identified either directly or by means of the 
measuring device. 

14. Device per claim 5, characterized in that the rack for the set of test tubes is thermally 
regulated. 

15. Device per claim 5, characterized in that it contains a cover, consisting of a single 
plate provided with hollow stoppers that extend downward and that have plane 
transparent bottoms, parallel to the plate of the cover and each one situated at the same 
distance from this plate, and in that the outer diameter of the stoppers, at the plane 
bottom, is less than the inner diameter of the test tubes of the set of test tubes 
corresponding to the cover. 

16. Device per claim 15, characterized in that the stoppers of the cover are cylindrical. 

17. Device per claim 15, characterized in that the stoppers of the cover have the shape of 
truncated cones, having their smaller base pointing downward. 

18. Device per claim 15, characterized in that the lateral walls of the stoppers of the cover 
are totally or partly opaque. 
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La i«:Ssente iBvention oonoarne nn procSaS et m ai«»siti* 
pour U lecture «t l-enre^Utrcmeat automatiques ae risultats 
,no*reus.s r^actioas virologies, bactfciclogi^. et l^tolog.- 



ques 



on pe«t ^galeraent utiliser le dispositif ccxmue spectrop^to- • 
n^tre, par, exe«ple pour mesurer et enregiatrer les res^tats des 
reactions ehimiques colorees- 

Quand ox. recherche les causes de dfices ou quand on d^ternmie 
les concentrations de di.erses s^stances dans l«organisme, il e.t 
XO so^ent n^cessalce de proc.der en la^oratoire . L^tude de nc^reu- 
ses reactions. Dans cette Stude. on manipule des centaines, voaxe 
des milliers de tubes ^ essais dans lesquels des series de dilution 
. ou des reactions chi^quea colorSes ont 4t6 effectu^es. 

En vixologie, il est possli.le d«6tal,lir un diagnostic en xso- 
23 lant le virus lui^^me ou des parties de celui^i. et les exa»n.- 
dans un microscope glectroni^. XI est ggalen^t solvent pes- 
. siile d'Stablir on diagnostic en montrant une filfivation du titre 
de I'agent de ctaptage du virus dans le sang ou en montrant la prS 
aence d'anti-corps du virus dans les cellules. 
20 Qnand on recherche les causes de d€c&s . au moyen de ir«thodes 

^ologiques i partir de prell^vements du patient, la dilution des 
pr^lSv^ents, c'est-^^e le titrage, joue un rSle important dans. 

-..V rm utilise souvent dans les m^thodes de 

de ncsnbreuses methodes. On utxxise 5uuvca*w. 

re=h«:=l>e des rtoctlon. aont les r^s^t^ peuveat 8«e l«s dxrec- 
25 te^cBt a P=«ir ae s&ies d. 'ailution.. Des rSaotions de ce ^ 
soct 1-asglutination des hS.aties, la dSviation du =o,^l*.ent,- et 
l.lnlibition de 1'a^alutdiia.tion des Ifimaties. 

XI souveal. ^e cha^ p.el»v«^* doive «r« ^^ui^ 

plusieurs fois . la suite et il est souvent :^essalre de I^oc^er 
30 f aes tit^aees ae co^trele ^ a-a^^licrer la *i*il^« ^ r-sul 
tats. Dans ce , =as. on .anip^e aes niXliers ae t^es . essays et 
c^ Xit aixect^t le= r*3ultats. Dans les B^thodes 
l.e:.e,istre.ent des r.sultats est e«e«*u. essentxell«»»t . la 
^ ce t^ de lecture et d-euregistremeat des rSsultats 

main. "i.jt,-4.<<. ,q*erreur- 

, . 4. Ai «^-LKtc de nombreusep possa33ila.t6s d erreiit- 
35 gvidemment lent et il esciste ae nonu^ 
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. . T«aie on 4tablit un diagnostic d'uixe manito qui, 

3Balog.e . ceXle utilis.e en vixo- 

a de nombreux points de we. 



logie. 



en 

15 



Dans de nonibreiises « , t^<, -r^sultats dixecte- 

-n . sSries de dilutions et on Ixt les rfisultats 

5 on utilise des sSries a d^tenniaatioa dn 

. T«« nlus usuelles le ces m^thodes sont la detemun 
aeixt. Les pHis usueu. -basee sijr une 

10 glutlnation flea iacteries povn 

a. tjjhus present a. oroupe. sa.^ en 

^^.olcle, 'on «Bipulo souven. - . 

©n par-cicialier «r«»»^ plxisaA«rs 

on lit dixectement les rSsultats. 

lal^oratoixe. de no„i.reuses .esures sont ,o^^^ 
Au ia«i«. v«+^2.fcee Peu des appareils de 

effectuees au moyen d»un spectrophotom&tre. Peu PP 

e t^e, existant sur le .arc^, fonctionnent .-^-^^^^^^^ 
ZZ It l.enre.i3t.e.ent des r.sultats sont ^^^^^^^ 
•« nans certains disposxtifs, il est possible de mesmrer 
;:Ce;isre. l«.ati^e.^ les r.s^tats .ournis p. d^s^^ 
.lont le nornbre est, par exemple, cc^pris entre un et c«xt. 
Ifevement dont le nonil^ .^^t passer la InmiSre perpendicu- 

T, ^= o*.., srjactrophotometres, on fait passer la xuuu. r~ 

25 pas atteinare, par exe^le, une precpxtatxcn ,u. .e tr 

le fond de I'Sprouvette. i™,sare 

^.;^aII.l«L.^ . l.a.. Xcn,..ua^al a-une .^o^«, . »a-^ _ 
passe par tro««nt aaas I'SproWette et & txa 

30 vers le ae c^te^ ^ ^..^o^ 

sens oH?osS. Si le voi. l^Sre' 4 travers 

..^ alors »cai£il. U distance au^«et ae^a ^ 

S 1» l»iSre ou coefficient ae txans»xssxon de la = 
as ae est »oaU«e. Ouana la In^e se a.pla=e paxaime^t . 1 .a^ 
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longitudinal da I'epronvette, les precipitations ou les turiidites 
des resultats de la reaction s&rologiqae, baetSriologique ou Hfima- 
tologiqae peuv^ent Stre mesurSes 5 la partie inferieure de I'fepron- 
vette a partir d«une modification dans I'intensitfi lumineuse, Ces 
5 precipitations ou turbiditSs se produisant h la partie inf&rieure 
de l*eprouvette, ne penvent Stre mcsTn:6es au moyen des spectropho- 
tometrcs esistant a l«he«re actuelle. Dans les reactions d'Mmoly- 
se, par eseaple, l»hemolyse entraSne une clarification de l»ense^I^- 
ble du melange reactioimel, qui entralne. a son tour une augmenta- 
10 tion du coefficient de transmission 4 la lundSre du liquide. On 
pent dSterroiner egalement, dans ce cas, un degrS d«hemolyse ou ua 
point de rgsultat a partir d«une modification de I'intensite lu- 
siineuse. 

Tin precede selon l»in^ention est esseatiellement caracterise 
3J en ce que. dai^ un dispositif de mesure, on fait passer la lumi&re 
paraliaiement a l«axe longituddJial. d'une gprouvette, depuis une 
source lumixxeuse se trou^t d«un c3tfi de l»6prouvette 4 un ddtec- 
teur se trouvant de I'aatre c3te de cette Sprowrette. a tra;ver8 
une eolonne d^ iiqaide'fixe 4 mesiarer dans I'fiprouvette ou dans" 
20 chaque eprottvette d«une rangSe ou d»un groupe d«6pr cuvettes, fixe 
durant la maaxore, «t a travers le fond de l«6prouvette diliinitant 
la eolonne de liquide, de sorte que, lorsque la lumifere ee dSplace 
le long de I'axe longitudinal de I'eprouvette. on pent lire les 
rfesultats des reactions sSrologiqoes. bactSriologiques, hematolo- 
25 giques ou colorfies 4 partir d«une certaine modification dans I'in- 
tensite lumineuse due aux precipitations et aux turbiditSa se trou- 
vant au f c«ua de la ou des eprotnrettes fixes, a celles qui n'ont 
pas encore dg-^ante et se trouvent dans la coloan4 de liquide. bu 
a un changement de couleur du liquide se trouvant dans la ou les 

m dispositif sGlpn la presente invention .est essentiellenent 
caract&rise par . des ensembles d'Sprouvcttes qui ^peuvent Stre pla- 
cees dans un support, I'espacement entre les eprouvet±es fixes ou 
aontees- de manifere anovible 6tant le mSme. que I'espacement des 
35 detecteurs et des soxirces lumineuses correspondantes dans le dis- 
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positif ae »«s«e, ea ce l-ouver^^. ae Mes^e a. c^^^ 
4o=.e«e es. ae p.«ir^co e=.=-r.e p=r r..»ra cu ae 

protection extSrieor. ^ 

Bans les seuXes Sprouvettes e:clst=nt sur le marcW et aa=s 
l^^elles 1. m.s.xe .=t e«ectuSe to:i.ontal»eat a trovers les 

!rent .e prcauixe ^ les messes. En outre, aans les axspos.- 
ti£s «ast»t act»ell«.e.t ,a^ 1-gaels 1» l-ritae se dSplace , 
^i^onti^lement, on n'=. pas prSt4 suffisa«.ent attention 4 la M^e , 
en place aes Jprouvettes et =e fait a sonvent 4t6 cars-lSteaent 

lal>cral.oix«. la preparation de melanges rSactioxmels et 
lei^ mesure dans cii pbotomStre se font de maniere jonmalxSre. A 
partir d'^m n^Xax^e r4^tWel qui. a ^t^ prepar^ en transf^ant. 
La une eprouvette. I'aide d'one pipette, un 6claantillon et un 
ou plusiemrs r€actifs, peut mes^er dans un photoiaStre, par 
example, la concentration d'une certaine substance ou la cinStxcfue. 
d-une enzyme. B3ns ces mesures, il peut se produiire des erreurs 
aans les rSsultats finavcc, par suite de d6f auts soit dans les dxs- 
positifs utilises, scit dans le noie op^ratoire. Ernest KACLUT et 
ses collaborateurs (Clii^ical Chendstry 19/8, 832-837, 1973). ont^ 
montre que, dans la loesure cinStique d'une enzyme, le r6sultat fx- 
nal pouvait presenter une erreur d'envixon ± 40 ^ dans le pore des 
cas cette erreur est doe aux dispositifs utilises, a 1-imprecxsxon 
ae la longueur du trajet de la lumi&re dans I'eprouvette, ^ la 
t^nperature, au transfert . I'aide de la pipette de l-.c^antillon 
et du r^actif , au tei«p., et aux .l^ents optiques et electronxques 

on a tenaance. i 11^"re actuelle, qoana on prepare aes mSlan. 
.e. r^actdonnels. a utiliser ae. volnmes a-echantillon. et de r^ac- 
tifs aussi faiiXes ,.e possible. On a alnsi d»agii^ =e qu'o. aK-el^ 

.iser le r.a=ti± et ae fa5re.pln.ieurs essais i part^ a-m Schan. 
: tillon uni^ .jci P^' ^^'^ '-^^ ^ 
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Suana on utilise ^ ^=^t=>=ae, Xes voices tr.=f^^ ^ 
l..i4e d-^ siS."e sont. fettle, de =cr« ^ I'erreur relative 

. JI^«>caes. X. proper^ des e^.urs dans Xe resnXtat de la 

Biestire finale est augmentg^. _ 

La pr^sente invention sera .aintenant dficrxte en dSta.1 en 
se referant aux dessiiis annexes dans lesgaels ; 

Les Fig. 1 el. 2 »c«tren1: scb^atiqaeuenl: des »odes de rSaUsa 
tion d'un dispositif de mesure aelon l«invention. 

Les Fig. 3a et 3b zuontrent deux exen^les de c^tes d^enregxa- 
^«nent utilis.es . la section de sortie et sur ^^^^^^/^ • 
• possible d.inacrixe les r.sultats relati^s . cha^e patxent ob- 
15 tenas au moyen da dispositif de mesure. 

La Fig. 4 eat une vae lat^ale d«un ex^en^le d»6prouvettes 
placees dans un support, en position de mesure, 

" ^« «ian d»mi enseioble d»6prouvettes 

La Eig. 5 est une -roe en plan d un ens«o« ir- 

taiacSes dans un support d»eprouvettes, 

Ta Fig- 6 .St une vue lat^ale d«un en.«^le d-.pr cuvettes. 
La Fig. 7 e.t une vue laterale d-un couvercle pour un ensem- 

''''' ^It'^n™- ^ - ense^le d'^pronvettes. 

La Fig 9 -3t une vue en coupe axiala d-une gprouvette, 
La Fig. 10 mcn^e un ensenible d«eprouvettes en positxon de 



20 



Z5 

mesure. 



1,1 ri= n eat m>* vue en coupe d'un bl^c ae rSactifs, 
I,a Fi,. :i eat une vue ^ coupe d-un ensile d-iprouvettes 
« ae. pcintes d-une pipette multiple utilis^e avec Lenae^Xa 
30 d.*p.~ ^ ^^^^^^ ,.,^,^. et Xea po^taa 

..una "i^tte nul^-iple de-la X.. ^ - ^. o. les o<^axt.. 

..nta ae li^de de la pipette muXtiaXe """^/"f 

la Pis 14 est une vue en plan Moo de rfeactxfs, 

„™e a-un ensanble d'eprouvettea 
35 ta Fig. X5 est une vue en coupe a un ens 
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dans «n ^=»*-e e. »uv«=le s^l- I'-ven^- 

\e titra,. ou antres ration. =ont ef f ectues ^ des eprou- 
vettes gui sont Aispos^e. dana m ,»PP<«, s:™*tri,ue..ent,en pl- 
IIl, Z.^^ avec ^ c^r^ain espao»ent. « s^port est =cn^ 
L .-adapter a. aispo..^ de »ans le -J^^^ 

tion represents <x la fig- ■«.# « ^ . , ^ 

de, 3 »3> - ^ 

aes sspacemants ccrr=spondant i ce^ de^ iprouvettes Ci, .C^, Cy. 

di=po=itil de inesore peut, par ex»pla, =<»ap=n.er »n nombre 
ae sources 2 at de d*tacteurs 3 ^al au no^ra de ra.- 

,4es d-Sprouvettes. Dan= ce cas, la Mti 1 eat agenc* pour se 
Lpla^er a»to»a.a^t d-^ne .^c.v«« ^ X-autre dana lea ra^ 

mcibila. la M«. 1 «ta=t fl^e. I* dlapoaitif peut figalemert cc-por- 
ter ui^e scarce l-»i^uaa at m. dSte=te»i corxeapondant po»r cha^e 
Sprou^ette da telle aorta ^'il ne oomptend aucun 416nent nSeal.!- 

CTaemeni: mobile. 

Qua^a la l.:»i^e p.^se, par exen^le, de la source l«ni^use 
LI a trovers l«eprouveti:e C^, parall^lement ^ I'axe longitudinal 
de cette Sprouvette, la lunu^e rencontre d«abard la surface du 
llquide, pui3 txaverse la coOx^nne liquiae le fond do I'eprou- 
vette pour parvenir a^ detectaur correspondant a l«eprouvette 
Ci. Le dispositif de mesure 4 enregistre una ceri^aine modification 
dans l.intensit^ lunineuse. Ce disposxtif mesure de cette manx^re 
chaque Sprouvette de la rangee d'Spr cuvettes. Ttoe certain^, modxf x- 
cation de I'iixtensite l«mineuse se produisant a- I'une des fiprou- 
vettes de la rangee, caractfiristique de chaque reaction et due ^ 
une ixecipitation ^ la partie inf&:ieure de I'Sprouvett^, i une 
t^biditg, ou a une variation du coefficient de transmission de • 
la lumi^e du liquide dans l«Sprouvette, indiqoe -par e=cen^le un 
point c^erci^e d'une modification dans une sirie de dilutions; a 
^.i. des r^sultat. enregist^.s, il est possible de d.t.er™xner 
l»6pro.x^ett- intare=aS« dans la rang§e d'eprouvettea. 

^ la section de sortie 5, il est possil^le d'utiliser un cir- 
cuit logiqae ou un calculateur qui . determine les resultats sous 
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la forme dSsixe.., ou I^ien des moyens pour recevoix les r^ultats. 
les stocker daii. une Ta6nodxe, et stocker le programme. Pour dhaque 
titrage, sa proi^e Bodification specifique daBS I'dntensite 1^- 
,euse es^ d.ter.d^e ^ des essais et ceci deterge un po..^ du 
.esultat. A la .sortie, il est possol^le d«utxliser va.e caxte d en- 
registrement moittrSe a la Jig. 3a. La carte- porte le nom 6 de la 
reaction et un code 7 cca:respondant ^ la modification d'intensite 
lumineuse corre^pondant a cette r€action. Une autre jossoixlxte 
est d-utiliser a la section de sortie des organes de rSglage qux 
sont places dans des positions correspondaixt 4 I'iBtensite lumi- 
neuse type e; a une modification caracteristigue de chague rfiactioa 
La section de sortie enregistre alors le nc«t de la reaction et les 
r^sultats sur uae carte d'enregistr^t telle gue representee a 
la Pig« 3i- 

■ on petxt utiliser le dispositif de mesure comme spectrophoto- 
^tre s'il enregistre la quantity de lundare allant de chague sour- 
ce lundneuse au detecteur corxespondant , et si la sectxon de sor- 
tie enregistre le pouvoix absorbant et/ou le coeffi«.ent de trans- 
^sion du liguide se tronrrant dans chaque eprou^ette, 

• La Pig. 2 Bontre schSmatiquemerxt un autre »ode de realisation 
d«un dispositif de mesure qui utilise une. source lundneuse unique 
8 La lumiSre est conduite au aoyei de fibres optigues 9 ^ tracers 
v^e eprouvette 10 d»o^ elle passe dans d«autre fibres optigues XL. 
ces fibres l»aB.enent a la p^iph&:ie d-un cercle. Les fibres arra.- 
vant a. la p&ripherie de ce cercle sont lues au mcyen d»une tSte de 
.lecture 12, de^ fibres optiques 13 transmettant la lumi&re a un 
detect eur 14 • 

du aispositi± .elon la present* tev«>ti<m. Pl-isxe.rs ^jrouvette. 
dans le cas Krisent ne^, sont disposSes avec »n certai, espace- 

dans un. plaque de support 17 d-nn ense^le d-ip^ouvettes 16. 
ces ^proo^ettes sent utilisSes quand on mesuie, eR^qr^t le 
prS^cipe de la mesure verticale,, le po«voix aSe^rbant du Uqoi^ 

4.4.^ TO «n \e chanaement d'intsansxte lu- 

*--4.4-i«r,aTa oartie infSrieure de I'feprou 
miaeuse due a une prdcipxtation ^ la para:ie xm. 
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x« cu'. la ^^^^ ^» li^e. ,Qu»a on appU^e U^^- 
• «tta 18 ou a la ^'Ji i™i»ra traverse la partie uifS- 

vertical. pui«e le»r .«e ^'^^ ^ ^^^^ ,3 ,.e„se^ 

''^^ " T- mr^rorre^ot^eant l-cuvert^e ae 

a l»ext6rieur de cette epr ou^rertu- 

. „e.^e .1 ae la po.3si-e cu^ 'J--.^ ^ll xest«. cpti- 
res mesure 21 des eprouvetrtes 18 de X 

15 quement parfaites. l.gprowette est concave, 

1, -Pace intSrietire du fond de i ©p£o« 

^ prScipitenl:. dans- l-Sprouvette se d^posent en 
.es .^stances '-J^-^f^ 0^ U face 

*on^t -7-;^jtt^tve«e est concave et. ea .ace ct^ 

• ixaterietire du fond de 1 epr ,^„tLiie plan-conca^/e qui 

* c© fond constitue une lentille pxan 

20 rieure est plane, ce ro« facile de fa- 

■ TmniSre- Dans ce cas, xa. e^t 

briquet les epco „x.^tsc=p Xe dispositif conme 

-,^via-hies. Quand on. utilise xe ais^ivis. 
t*s opt.^es ^ iHprcnvette e* 

spectxop^^-. - - ^ ^^^^^ ^ ^e: sorte 

" °;.rn.r^ a^ - --"^ " ^"" ^ " 

lumi^e« ifl de I'cnsenible 16 

^t ra^T/Xi: et a.:ie erre^- OP^ 
^t « . fet !: lentil^e a^ectant le pa=sa- 

30 ne se prcdult,, .1 n y a a j^„^ette de 1-en- 

, d. la 1-i^e. ..t^ellenent ^e plans, 

rrcriir :r d..L. ^ ..... ^ — — 
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18 de I'ensemble 16 est conique de sorta qa'il est facile de metinre 
en place les Sprouvettes de I'ensanble (voir Pig. 10) et que les 
particules precipitees dans lee couches liguides se trouvant ^ la 
partie sup^rieure de l»6prouvet:te se deposent a la partie anf&rxeu- 
S re du e6ne 23' en formant une' pastille appropriSe. Il est facile 
de cette maixiSre, de mesurer les sediments ou les prScipitatians 
daas u»e faible surface. 

La paroi iiitgrieure verticale de l«eprouvette 18 peart Stre 
„unie d'une ou plusieurs saillies 24, parallales a I'axe longitudi- 
10 nal de I'gprouvette, ce qui ameliore le melange du liquide dans 

l-gprouvette 18 quaad on la d^place. Quaiid on r«aue des 6prcuvettes 
cylindriques dans melangeur excentarique, les colonnes liquides 
prennent un mouvement de rotation de sorte qu'elles s'SlSvent le 
long des parois de l»6prouvette, De cette maniere, les diffSrentes 
15 couches liquides ne sent pas convenaDlement melangSes. Mais, si les 
parois' lat&rales de I'Sprouvette sent monies de saillies 24. canme 
d6crit ci-^essus,.ces saillies engendrent des turbulences dans la 
colonne liquide en rotation de sorte que les differ entes couches 
liquides sont efficacement mfilangees mSae avec une faiile force. 
20 Le fait que 1-enseirible d'Sprouvette^ 16 puisse Stre placS dans 

le support 15 dans une position unique est egalement important. 
support 15 est muni d'une saillie 25 s'adaptant dans une fente ou 
• ouverture 2$, prevue. .dans la plaque- da support 17, do l»en«emble 
d'Sprouvettes 16. Cette plaque de support 17 est egalement munxe 
25 d'un code 27 per^ettant d«identifier l«€prouvette cc«sidez:fee. a 

l-aide du dispositif ou dixectement; chaque ichantillon se trouvant 
d^ les fiprouvettes 18 de l«61&nent 16 est en m&ae teaps identifiS. 
ceci presente l»avantage que l«on peut utiliaer un seul code 27 
pour identifier neuf fechantillons sSparSs et que l»on Svite le co- 
30 dage de chaque echantillon. 

Quand les enseinbles 16 p^uvent Stre places dans une position 
unique dans le support 15 lorsqa'on procfede i la mesure des eprou- 
vettes 18 des ensai>bles 16 dans le dispositif de mesure, on peut 
utiliser le praniier ensemble d'Spromrettes 16 se trouvant dans le 
35 dispositif de mesure pour .e«3:e ^ z^o les neuf can^u. du disposx- 
^ de mesure, les eprouvettas correspondantes des ense^nbles s^- 
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,ants Stant n«=-6es par le, n 

^ luxe 21 aes »prc^et«s, .l«s de la fabrication d« en- 

^"''^rUppc.. X5 .c^ rense^- d..pro^e..e. --- --- 

" - -rpe'r'm.:.*- s.P».- 1= poor - =.o<.a.e le a.pWe- 
„e.t d«^pr=u,e«e=. pc« !• introduction de li^ dax. X-ena»- 
„ent des epr ^^ait ponr des rfactions d'tacobation 

ble d'Sprouvettes on leor retrait, poui q» 

. de mesiire, e1;c« 
^ ... support 15 • P.« «^»o-r^. a, .crte ^ 

le3 iproovettes la des .a.«0=Xes 16 et le li^ide ee tro»^t.dan. 
ces ^prouvettes prSaentent one temp&ature dS,i^fe. _ _ 

Qu»d un ensenible dUprouvette. 16 se troupe en poe.txon de 
„esure dan. le support 15. dans l-ertr^t. de «esu=e du 
.0 de :.es»re, ^ ^P^ouvette e^ pcot.,.e de la 1-i^e e^^eure. 
en outre. =e support prot^e ™ .prou,ette de la 

Ouand 1-ens^ible 16 se trouvant dan. le support 15, vers 1 ex 
«^t. de mesure du di=positif de mesuxe, arrive au pci»t de a^ 
sure, un faisceau lumineu. traverse l-ouverture 28. pr.vue d^.le 
a= support is; l^s de son trajet entre las points 29 et 29.ce £axs- 
ceau donne une impulsion . la section de ^se place 30 au ^ 
a'un dSteeteur 29' ou d'me photo diode. 

I., section 30 place Cheque €prou,ette 18 de l-enaeaible 16 

si»„ltan&.ent dans l.ali,n«>ent des fibres optiques et des d6tec- 
30 teurs 19 correspondant a«x .^cuvettes 18. Ouand la sectxon 30 a 
• «teint sa position sup4rieure, la partie 3^f4rie«e oonx^ 23 de 

^que ..ouvette IS de ^ ^^f rs^^^Tet 

1^ ■v,**-^ Ap- la fcSte de detection de 
35 de 1» ensemble 16 repoeo contare. le bttx de Xa tei^e 



11 



2250991 



^.^^^ de ^sore. « -t effectu^e dans cette positic. 

^3 e^c«.«H:- 18 a, l-ensa^L 16, s=^ ai^sl position.^- ae ^- 

niere trSs prScise. • ^ . ..^ . 

;,u bc« d'na certato t«.ps, la eection 30 de l-extr6.xt« de 
, .es^e descend et lai.se redascendre l-ans^ila dUp.o«ve«as 16 
aans sa position de .epos dans la support 15, da sc^ qoa ca sap- 
■ part pant *tra poussa dans l'a.-rtx«mi« da mas»:a, m&:am=iuana«: oa 
^la»a.t. Oaax^ 1-ansa^la 16 d-^P^c^s sulvant via.t dans 
1, positlpn da .asura, la sactiau 30 da l.extr«»i« de »esara mat 
10 an Placa l-ens=:*la d-.prouvattaa suivant an position da »asura at 
le verxouille dans cetta position. 

on 1.10C de r^actifa 33 (Pig. U) ua ehsedble d'^pro^tes . 
32 (Pig; 12 et 1^) soat des dispositifs de forces div^ses. coapre- 
nant par e^cemple neuf tnbes a essais ou ^Earouvettes . oii on peat 
15 prSlever ou iiitroduire si^ultan&aent ixeuf ecTxantiaions separ€s au 
^en d'une pipett:^ multiple ^ neuf conduits. I.es rgactifs peuvent 
atre stocfc4s dans le l,loc 33 ou las ensernbles d'eproa^ettas 32 sous 
£or»a soit de substances seches, soit de solutions. solutions 
rfiactivee sont obtenues ^ paxtdx des substances sfech^s en ajoutant 
20 «n ligaide convenable au bloc de rSactifs 33 ou a l«ensemble d'e- 

pcbuvettes 32. 11 est possil,le de sto<*er.. dans le bloc 33, ou dans 
• les enseaibles 32, certaines proportions prStes a l«e»ploi du mSae 
reactif on toien des reactifs diff&cents. 

Tous les tubes 33a du bloc rSactif 33 ou toutes les eprou^et- 
25 tes 32a de l«ense^le d«eprouvettes 32 peuvent Stre sa«ultan^=>ent 
ferxaes"par le couverde 31 du bloc 33 ou de l-ensenible d-.p^ouvet- 
tes 32. ce cou^ercle 31 eapedxe liquides de s'Svaporer et les 
substances se trou^;ant dans les tubes 33a ou les Sprouvette. 32a 
a«Stre pollutes. On peut egalement utiliser le couvercle.31 pour 
30 £ermer cbaque eprou^tt. 32a de l^ensenible 32 de »ani^e gue le 
f c»d 333. de cbacun des bouchons 31a du couverde 31 soit iimergi 
ea desslus de surface liire" 34 du liquide dans l«Sprouvette 32a 
• de I'ensemble 32 correspondant au bouchon 31^, au poi^t oii la lu- 

le li^e pour parvenix au d^tecteur 30. I. couverde 
35 31 de l-ens^le d-.prouvettes 32 est constitu. par une plaque - 



22509 91 

12 . . 



nt:a»t des l^ouclions 3la s'fitendant vers le bas a 
ae ^ous e l^^la^^ ^ ^^^^ 

"^Z^.. 32 son. con.ox:n.s ae .a.i^e cpe, . 
du couvercle 31 de 1 ens 1. ensemble d'Sprouvet- 

= ^"T : T^^'^ :iT^^. X. P.O. 

paroi. i^t^i— ae= Par«.= "p4rie,=.es ae. ep=ou.ette= 

corr.sponda«es 32a de 1-anse^le a-«pro«ette= 32. 

oLa Xe pouvoix .^^orb-- au Ix^iae se troova^t dans 1 i 
Le 32a d. l.e=se.*le 32 est naa»tenant =es«rS au -=yen a uo 

p,»u,e«e 32a. de 1 ^ ^ ^^^^^ ^ti^lc 

!r=^e 31 varie =u en fa^l^« aes en.e...le3 a..proave«es 32 ae^ 
di^^en«. Bn on«e. les parcie Xa«ralee aes .cue>,on= 31^ 
ao uve^cxe 31 pe^ent «re opa^es de =orte ^e la l»x»r. pe^ 

^ser senle^t i travers le fond ^ansparent 31fe au l,oua,cn 31^ 
du couvercle 31 de I'ensenible 32. 

• par suite -de la conception du dispositif selon 1— 
Xes erreurs p^cduites dans la hauteur de la colcnne ^^'^ 
„ e=c»ple Xcrs de Lutilisati™ de Xa pipette .ou p» su.te d^la- 
.ou^sures de ll^e for^ant des ,outtelettes 35 sur les^parcxs 
internes de l-ensenibXe 32. n-entralneront pas d-erreur dans 
lonoueur da trajet de la loniSre. 

Si Xa surface de la colonne de liqiide dans l-Sprou^tte de 
30 X.ense^^le est course cu ..li^e. ceci peut entra^er une erreu. de 
.esure dane un photcetre fonctionnant sulvant le pr.nc.pe de la . 

„esure .erticale. Quand I'ense^ble 32 est fer^ par le ccuvercl. 
3X xe fond 36 de =l«gue 8prou.«te 32a et le Sona =orrespoi>d«.t 

au J.oucUcn 31^ du couvercle 31 de Lense^le 32 sent paral«Xee. 
3S pa; suite, la l^^e passe perpenaiculair^ent . travers aes plans 
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parallfeles et t travers une colonne liguide se trouvani: eutre ces • 
plans, de sorte les erre^s ci-dessu.. sent .limn.es des ris^- 

■tat:s des mesuces, 

Des bulles 37 se f orment paxf oia dans la s^face Hire du 
5 liciuide lors du secouage ou de l««fcilisation de la pipette, Ces 
bulles peuvent perturl^er une mesure photom^txique quand I'appa- 

■ reil fonctionne sxiivant le principe de la mesuce verticale. la 
lumiere traversant le fond 36 de l«epronyette 32a de l«ensenible 
32, puis la colonne liqoide, et finalenxent la eurface l^e du 

10 liguide et I'adx pour parvenix.au detecteur 40. Quand I'ensenible 
d.dprouvettes 32 est fermS par le couvercle 31, le fond 3li de 
chaque bouchon 31a du couvercle 31 est imaerg. dans I'Sprouvette 
32a correspond;tnt au bouchon 31^ du couvercle 31 et se trouve 

■ quelgue peu en dessous de la stnrface libre 34 du liquide. Les bul- 
ls les 37 e^^tant gventuellement ^ la surface du liquide sont a^sr 

dSplacees vers la surface du liquide libre entre la paroi inte- 
rieure de l«eprodvette 32a de I'ensemble 32 et la paroi exterxeu- 
re du bouchon 31^ du couvercle 31 de cet ensemble 

on peut egalement remSdier aus: dfefauts ci^essus, si nSces- 
20 saire, en i^ergeaat, au lieu du couvercle de I'enseinble 32, une 
pointe protegee du dStectenr 40 quelque peu en dessous de la sur- 
face libre 34 du liquide dans chacune des Sprouvettes 32a de I'en- 
senible 32 • 

Selon la loi de Beer, le pouvoir absorbant du liquide est 
25 une fonction lin^aixe croissante de -la longueur du trajet luaineu=c 
aan3 I'eprouvette, Quand une xaesure est faite dans I'ensenible 32, 
sans utilisHT le couvercle 31, au moyen d-un pl.otc».^tre fonctxon- 
,:^ant suivant le principe de la mesure verticale, les longueurs 
des trajets lumineux dans les feprouvettes 32^ de I'easenible 32 

30 sont ^ales au. hauteurs des colonnes de liqoide dans les .prouvet- 
^.es 32a. et ces hauteurs sent, ^ leur tour, des fcmctions Ixneax- 
res croissantes des voluiaes de Uqaide intxoduits dans les gprou- 
vettes par la pipette. Si .aintenant un vc*»e de r.actif trop. fax- 
l,le a .t6 i^troduit a I'aide de la pipette, le trajet lumineu^. 

.^5 dans l.€pro«vel.re es. r^ccourci »xis 1- »b.«r^3:.t p«r unx- 
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ae lcn,ue„ a. «a3ot l»i.«x ,u^t4, en '^'^ ^ 
1. ,ol.Me de l.«=h3.tmon ait. St^ correctement Sx. 

autre eat6, » vol-e de x^actif trop important a 4t4 n^troduxt 

S a. t^aset l»lne». est dl^u.. ^sU dans «n p,.ct=^. f-=^- 

effectuse sans *ilis,.ion du comrerde 21 de VensembXe 32. ce 
^ .end constante la lc«^» du trajet l»rineux dans les Sp:=u- 
Ittes 32^ de l-ensa^le .32. ==^ d6=rit =i-dessas. ^ur 
,0 ^en^uelle 1. .uantlt. d-agent. on d-agents actors. a.«o- 

duits . I'aide de la pipette. n..entraSne pas d-errenr dans le p»u- 
voir ^sor^ant du n^lao^e x.a=ti»nel. Une e«e« dans - 
absorl«nt ne se prodnixa <rae .-11 V a .u nn. erreur dans 1 intr;^ 
auction de l-e=hantillo. 4 l-aWe de- la pipette. 

Bans un photoa-^tre i eanaux multiples, fonctionnant snxvant 
le Principe de la mesure ,erti=ale, le d^tecteur 40 se tronve au 
voisinage i-idiat du prS-a^lii=ateur 41 de Ve=^^ti de ^ 

au P^otc».tre. on Juste s« lui. I.es si^a« pertur»aten.s 
aos ^ la presence de longs cooducteurs allant du dttecte.. 40 au 
20 pre-ampUficateur sont ainsi SlindnSs. ; 

,,ans l.e=d:rtoit= de »es«re du phot=»atre. le disposxtxf 42 
servant i positlonn«: l-ensenble dUprou^ttes soulSve I'ensemble 
32 et l.a^ine vers la surtace plane 43 de I'e^xtoitS de «sur^. 
X la iin du mouvement de BOntie. cette surface plane aK-U^ . 
25 4troite»»nt le couvercle 31 contre l-ensei^le 32. ce couvercle 31 
est ainsi. de sCre. en positi^ corrects 

ttajet lundneu:c dans .-haque eprouvette 32a de l-ense»ble 32 est la 

on peut utiliser des lumiSres ayant la mSnte longueur d ondes 
30 ou de longueurs d'ondes diff^en^es, dans les fi^es opt:iques 44 
^ conduisant i I'extr^mite de laesure. De cette mani^e, xl est poB.- 
siile de mesurer les .prouvettes 32a d«un ense«a.le unKjue 32 ^ 
X-aide de Ivnai^es de ^ longueur dWes ou de longueurs d on- 

das diff^entes*. ... 
35 11 va de soi que 1« invention .ioit Stre consider^ cc«=me 
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a'Stant pas lijnitSe mode de realisation dScrit et reprgsente, 
aais en couvrant an contraixe toMtes les variantes. 
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d'vine modificatxcm ae x ^^^.x^i^g en ce que dans 

1 1- lumiJieuse, caracterxse en ce 

... ...... a.^ ca« ae -^--^^^rS^ - x.^e 

. ^' 1 »fir,,-ou.vette dfeliaiitant la colonne de ixquia^* 
" X r^^el. Xes ...UX«« aes r^c^o^. .-»Xc,.- 

r;^'^Xe p» a» p..c.pi...Xo.3 cu ae. --"^ J^^f 

^ .rw..- ou se trowant nbn dScant^es dans 
La on des eprouvettes foxes ou se rrouvai 

, ...^auide ou pax une modification de la couleur du 

liauiae se troa-rent aans Xa ou Xes Sprouvettes. 

!%rc..a. Xa «,e=ai=atio= X, =,rac.^is. en =e 

,„.U let px»^ -a source X».xneuse pout =ha^ Spccuvette on 
l^o^ce X^euse cc^' PO«. .outes Xes .p.ou,e.«s »« a.- 
...teur Stant ae pr6«renoe pttvo pour cbaque eprouTOtte. . 

T ITcciarseXoa Xa re«naica.ic„. X, caraC^ia. en ce^. 
.ens aispos..- a. ^s»e, a,s sources X„»^euses « ^a-ec 
«urs corresponaan. ^cun . une source X^^use -^^^^ 

-hSfi et en ce que le batx est mobxle a une 
en rangees dans un bati, ei; en «-e vi aism-qu- 

, ranr^-^ouve^es . une au«e ou ^ ^ - ^ ^^^^ 
vette est mobile alors aue Xe batl reste £«e, de sor qu 
.prouvettes sent .esure« une rang*e a ^„ ^ ^, 

A - prccSa« selon la re«»ai=at««> 1. caracteri . 
pour xl » "uTa, Ca^a .prouvette a-un enae^Xe a.*prou«ttea est 
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par coo^ercle de .orte qoa le fond de ^aqo. iouchon du 
. r^res. W.,. » dess.«s de Xa =«.ac= X^.e - 

tTt^^ d.» d.«=^.c est a^e.,^ - d^ssou. de la s>=r*a=e 1.- 
. :::7u" da^ Ca^e .^cuvette de l.e=.e:*Xe d-*^ouv.«es. 

a l-eadroit oii la lumiere passe du li,uide a« d^taote^:. 

5 . Di^pcsitif EO»r la mise » oeuvre du procSde selon la 
.evendLation 1. =aract^i»* par dee ensen^Xes ^''^^^-^ 
pendant .«e pXac4s dans ^ support dUprouvettas, X-espac-ent 
,0 »l-les .pro^ttes .i.es ou a.=,i.Xas de X-ense^Xa dUprouvat- 

.^u^es corr^pondantes dans Xe dispositi£ de -esure. at en « 
rt.ou,ert»e de .es^e de =ha^ .prouvette est. de p.«.re„ce. 
^touree par un r^d cu vm mancto de i«rote=tion ext^rieur. 

^ entouree^p^ „,^icati»n 5. caxact^ia^ en .e 

^e lel 4prou«ttes d-un ensaW=Xa pauvent Stre sd^ultan^^ant f er- 
:^^s au r.en d-un couvercle dans Xe^l ^^-^l^":^^^ 

■ correspond . X-espaceaent des iprowette, de l-ens^Xa d-^prou- 

,„ "*^7' - Disposlti^ selon Xa revendi=ati» S ou 6, caraotari.. 
"° ^^'^2..-^ ^^^^ - c^e.^prouvette da l-^s^X^ 
a.^pro^es pr^ente una for^ tionconi^e afxn de fao^tar la 

nise en place des Sprooirettes. 

8 . Dispositif selon I'une quelcon^ des revendxoatxons S 

,s 4 7 clra=t*ris4 en ca ^ la paroi int4riaura de oha^e Sprouvet- 
te Ist ^^e d-une ou plusie«a saiXUes. paraXX.Xe= . X- axe Ion- 

gitudinal de x'Sprourette. ^. . . „„ ™ 

9 . DispositiE selon la re^endicatixm B, =araotSrxs4 en ce 

^ la'paroi i^t^rieure et/ou la..paroX e«^ieure du fcnd,et/ou du 
3, Tu^cle de o^^e ^cuvette de Lense^le d..^ou,ettes est 

plane, concave ou convexeo 

lO. - Disposi^ seloa la revendica^on 5, carac^xs. en 
cue la parol int&ieure du fond de I'^prouvetl^e cu de chague 
ce que la pax AtilisSes dans le dispositif 

gprottvette d'an groupe d'6pr cuvettes, utxlisSes ^ans 

, , eact&cieure de ce fond est plane. 

35 est coaica^e, aloes .jua la parox eseterxeur 
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• .tif selon la revendication 5, caxactSrisi en ce 
11. - Disposxtif seion xa , . ^«nd de cbaqae 

i inl^Srieure et la parol extSrxeure d^i fond de cmaqu 
pare ^.,p,ou.ettes sont toU«de^ planes. 

Sprcuvette de l«eiisemble a epr . caractSrisS en ce 

.2 - Disposxtif selon la revendxcatxon 5, cax 

Tae X.ense^le d.^pTouvette. est raunx d«^e saxllxe 
5 le support de X en ^^^^ ^^^^^^ _ ^^^^ . 

qui s'adapte dans une fente o ensemble 

r support de I'enseirible d«eprou^ettes, de sorte que 

de supporc d ^ ^^^^ 

peut Stre plac6 dans le suppor . caracterisS en ce 

13 - Disposxtif s.aon.la revendxcat^on 5, carac 

! ..«nort de I'ensetdble d'Sprouvettes est mrnixe 
XO la Pla^e ^JJ^^^^J:^^^,^ ,....^.e. soit directe^ent. 

d*^xa code permettant a 

soit au mcyen aispositif mesure ,^^^4=1=6 » « 

14 - Dispoaitif seloa 1^ revenaicaU.on .5. •==^"=*^ 

l-ensemble d-Spro^ettes est tienno-rSgulS. 
^ 1, s,«,pcrt ^= .evendic^tion 5, oara<:ta:is« ea « 

foods plans transparaats, parallSles . P ,t en ce ^ le 

r^-;*;tance de cette plaque^ ^ 

„ n - DispositM eeXoo la revendxcatxoa X5, _ 

" oe Jies - - ---- " ■ 

* leTjr petite Dase dxrxgee vers xe ca«. 

tronquSs ayant lew p«-t=. caractSris^ en 

«*.-Lan. la revendicatxofi X3# cat* 

30 ment ou partiellement opaques. 
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